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FIRST IDA SUBMITTAL FOR TRANSDUCER 
ELEMENT DESIGN FOR LOOSELY PACKED PLANAR ARRAY 
COMMON PROBLEM 1.1 


RACOR has been assigned the task of performing compu- 
ter evaluations of transducer element design submittals for the 
C/P Array Program as directed by the NEL Transducer Division. 
This report contains the results of the first iteration of the 
Iterative Design Activity +#BA) teams from the various partici- 
pating vendors. Certain properties for each of the transducer 
element designs are presented in graphical form using identical 
format and scaling for ease of comparison and evaluation of the 


various designs. 


The element design under consideration for this report 
is a loosely packed array of 13 rows and 229 columns of 5 inch 
circular elements with 8 inch center to center spacing, (Common 
Problem 1). Four element designs are presented: GE, TRG, NEL, 
and GD/E (C.P.1.1). The element chosen for the final design of 
the first iteration was that proposed by GD/E. The results for 
this element are labeled C.P.1.1 to indicate Common Problem 1, 


iteration 1. 


Each element is examined for various properties over 
three frequency bands for three different steerings. At each 
steering, parametric curves for various element properties repre- 
senting the "worst case" radiation loadings in the array are 
presented. These loadings were obtained from computations per- 
formed by TRG, Inc. on C.P.1 arrays and the cases chosen for 
this evaluation are given in Tables 1, 2, and 3 for the various 
frequencies. These results assume velocity control and are eval- 
uated at one frequency in each band. However, since it can be 
shown that the loadings are not a "strong" function of frequency, 
this approximation of constant loading across the frequency 


band will not invalidate the design evaluations. 
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Under the assumption that cavitation occurs whenever the 
surface pressure on an element exceeds 1.5 atmospheres, a driving 
current (cavitation limited) is determined such that cavitation 
occurs on that element in the array with maximum surface pressure. 
For each steering, the properties presented in the graphs are 
computed with the element under consideration being driven with 
the cavitation Limited current. 


The presentation of the designs considered is organized 
in the following manner. 


I. Designer (GE, GD/E, TRG, or NEL) 
A. Frequency Band (Low, Mid, High) 
1. Property (|I|, |El, IZ; al etc. ) 
a. Steering (Endfire, 30°, broadside ) 


Prefacing each element design are sample "rough" dia- 
grams of the element configuration, the equivalent four terminal 
networks used in the computer element model, and a schematic 
diagram of the electrical "tuning" circuits for each band with 
the values of the components given. 


Several element properties were used in the design of 
the element. The following properties, which are presented 
graphically as a function of frequency, were considered in the 
choice of the final design of this iteration. 

I gnitude of head velocity normalized to 
input current 


2) ARG (Yu) Phase of head velocity normalized to 
input current 


3) {el Magnitude of electric field (voltage on each 
ring/thickness of ring in mils. ) 


4) IZ,0 Magnitude of input impedance 
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5) ARG (Z,,,) Phase of input impedance 


6) Es n*lin! Magnitude of volt-amp product of input 
voltage and input current 
7) Loss in the ceramic; i.e., power into 


ceramic minus power out at the head 


8) 


Total efficiency; i.e., power out at head/ 
power into inductor circuit 


|Z10Cc| Magnitude of the ratio of composite ele- 
ment parameters relating current to head 
velocity (for current control this is the 
same as the magnitude of the internal 
impedance of the element) 


10) ZEOC) Magnitude of the ratio of composite 
element parameters relating voltage to 
head velocity 


11) |I| Magnitude of the current 


Since this design is to be manufactured and DUMILOAD 
tested, the graphs contain the title "DUMILOAD I."" This element 
is the first design which will be built and tested on a DUMILOAD 
facility and should not be confused with the DUMI-ELEMENT which 
is an integral part of the DUMILOAD facility. 
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WORST CASE RADIATION LOADINGS 


LOW BAND 
Page 2: F = 2000 cps. 
Theta = 0° Phi = 0° 
Velocity of cavitation = .25633071E-01 meters per second 


pca = 1.9001530E04 


Loadings: 


Max. Pressure 
Min. Resistance 
Min. Reactance 
AVG. 


3.08590054E04 + j6.84589403E04 
3.06295372E03 + j6.15220308E03 
3.57300970E03 + 45.19126037E03 
2.44205725E04 + j4.33216357E04 


Page 4; F = 2000 cps. 
Theta = 0° Phi = 30° 
Velocity of cavitation = .10791793E-00 meters per second 


It 


Loadings: 


Max. Pressure 
Max. Resistance 
Min. Resistance 
Max. Reactance 
Min. Reactance 


1.70359401E04 + 45.28297277E03 

1.72759279E04 + 43.19188898E03 

3.18166958E03 + 56.18375532E03 

1.14610751E04 + 41.00632375E04 

8.09602996E03 - 41.58026357E03 
+ 


wnvnuna 


AVG. 1.14146599E04 j3.81251049E03 
Page 8: F = 2000 cps. 
Theta = 0° Phi = 90° 
Velocity of cavitation = .20641517 meters per second 
Loadings: 


Max. Pressure 
Min. Resistance 
Max. Reactance 
Min. Reactance 
AVG. 


8.62318751E03 + j3.54954775E03 
4.04152567E03 + 41.58332185E03 
4.71313038E03 + j6.22775241E03 ‘a 
5.48191309E03 - j1.07796008E02 ' 
5 .92082810E03 + 43.08428731E03 \ 
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Compiled From TRG's Results 
{ 

For C.P.1 Array, Problem 137 } 
Table 1 | 
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WORST CASE RADIATION LOADINGS 


MID BAND 


F = 2500 cps. 
Theta = 0° Phi = 
Velocity of cavitation 


Loadings: 


Max. Pressure 
Min. Resistance 
Max. Reactance 
Min. Reactance 
AVG. 


F = 2500 cps. 
Theta = 0° Phi = 
Velocity of cavitation 


Loadings: 


Max. Pressure 
Min. Resistance 
Max. Reactance 
Min. Reactance 
AVG. 


F = 2500 cps. 
Theta = 0° Phi 
Velocity of cavitation 


Loadings: 


Max. Pressure 
Max. Resistance 
Min. Resistance 
Min. Reactance 
AVG. 


0° 
= 022599425 meters per second 


-70694046E04 + j7.66828215E04 
-48842781E03 + j7.81806304E03 
-43145191E04 + 37.70014372E04 
.80512498E03 + j6.91990765E03 
.81596841E04 + 44.83015054E04 


Nh Wo WW Ww 


30° 
= .11002911 meters per second 


1.61847804E04 + j6.64038697E03 
3.66139341E03 + j7.66241486E03 
1.07609438E04 + j1.06836049E04 
1.28174594E04 + 49.95386351E02 
1.09357651E04 + 44.93621119E03 


90° 
= ,20803104 meters per second 


5.50801644E03 + j7.43469919E03 
8.18015867E03 + j1.90754574E03 
4.27851865E03 + j2.38239074E03 
5.94411695E03 + j1.82753326E03 
6.13526911E03 + 43.81425445E03 


Compiled From TRG's Results 
For C.P.1 Array, Problem 137 
Table 2 
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i 

WORST CASE RADIATION LOADINGS | 

HIGH BAND : 

| 

Page 46: F = 3000 cps. 

Theta = 0° Phi = 0° i 

Velocity of cavitation = .020291127 meters per second | 
Loadings: 


4.03970761E04 + {8.58303975E04 
3.50168917E03 + 49.28735198E03 


Max. Pressure 
Min. Resistance 


AVG. 3.05065992E04 + 735.25781665E04 
Page 48: F = 3000 cps. 
Theta = 0° Phi = 30° 
Velocity of cavitation = .10456341 meters per second 
Loadings: 


1.65302281E04 + 48.10088048E03 
3.53874880E03 + j9.01288799E03 
8.04770071E03 + 41.20617606E04 
9.73845096E03 + j1.52307533E03 
9.89594457E03 + j6.38905526E03 


Max. Pressure 
Min. Resistance 
Max. Reactance 
Min. Reactance 
AVG. 


Page 52: F = 3000 cps. 
Theta = 0° Phi = 90° 
Velocity of cavitation = .19248667 


Loadings: 


5. 8322674 8E03 
7.04807449E03 
3.78636591E03 
6.77634102E03 
5 .07857123E03 


48.12301916E03 
32.79985796E03 
|3.64525485E03 
}1.41083003E03 
34 .58678978E03 


Max. Pressure 
Max. Resistance 
Min. Resistance 
Min. Reactance 
AVG. 
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Compiled From TRG's Results 
For C.P.1 Array, Problem 137 ‘ 
Table 3 
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MUGIELECTRIC PIELEY VERSUS FREQUENCY 
CURVE 1 Mx PREG: 1 GEIQeB LE O44 ls. PNOSBO4SE OS | 
CURVE 2 MIN R | +4599 74AB0F0.3+U9 01088 799E05 i 
CURVE 3 - MGx X G44 PONTE QS+ 21 SOR! 780CEOH | 
CURVE 4 MIN X 9. 73BH9SUNBEUS +1 8230 (5.33E03 = 
CURVE & BV 9 .8IHTH5 7E0S+ IE. 3390 CEES al 


MOGCELECTRIC + TFL OG; 


FINAL CESIGN GF ITERATION 1 
c.P. 1.2  § INCH CIRCULAR HEAD 
HIGH BANC BROACSICE (0.90) 
LP=.3295 UP=b+50 CS=-2094E~-7 O5=0 
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FREQUENCY 


MUG(ELECTRIC # ILL 02 VERSUS FREQUENCY 


CURVE 1 - MAX PRES-5 .3226743E03+ 9. 1230191 6E03 


CURVE _ MQX Ro -7 CYS807449E03+ Je . 79985 796E03 
CURVE ~ MIN R  =3.76636591E03+J3 C4554 835E.03 
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CURVE 4 - MIN X  -G.77634102603+J1 41983003603 
CURVE & 


~ PVG =§ 78571 23E03+ J4 586789 78603 


